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FMDV Genome organization
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The FMDYV particle

Foot-and-mouth disease A10
PDB: 1zba

Surface exposed proteins are VP1, VP2 and VP3- these define antigenicity

VP4 is internal
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FMDV sequence diversity- an example from
Pakistan & Afghanistan

e 157 oral swab and epithelial samples collected within Pakistan &
Afghanistan during 2008/2009

e Tested for FMDV RNA using real-time RT-PCR- 135 positive, 119
sequenced (VP1)

e 33 serotype O
e 18 serotype Asia-1

e 69 serotype A (22 fom Pakistan and 47 from Afghanistan)
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Sequence diversity of FMDV A-Iran05

(VP1 sequences)

A HIR/AFG/L1486/2009 (HQ439283)

700 VA SAR/AFG/L1435/2009 (HQ439274)
A SAR/AFG/L1434/2009 (HQ439273)
A KAB/AFG/L1163/2008 (HQ439262)
FJ755010 (BAR/6/2008)
FJ755011 (BAR/7/2008)
@ SIN/PAK/L758/2009 (HQ439250)
@ SIN/PAK/L693/2009 (HQ439246)
@ SIN/PAK/L739/2009 (HQ439249)

Since 2002, >4 lineages (>7.5% nt difference) & A et

FJ755066 (IRN/1/2008)

@ FJ755084 (A/PAK/5/2006)
. FJ755060 (IRN/3/2007)
within 2 genotypes (>15% nt difference) in &EE’?SS&&;TXGS’%?SJ&)

Asia topotype of serotype A

A-Iran 05 predominant lineage (in genotype II)

(all but 2 from >60 in 2008/2009)

4 major current sub-lineages of A-Iran05

(>5% nt difference):
A-IranQ5BAR08 = A-Tran(Q5AFG07,

A-Iran05BAP0 - A-TranQ5KUNO9
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FJ755126 (TUR/324/2007)
gq | @ FI755083 (PAK/3/2006)

@ EF117837 (A/PAK/3/2006)
@ FJ755082 (PAK/L/2006)
FJ755096.1 (A/TUR/8/2005)
A EF457983.1 (A/AFG/183/2005)
FJ755087.1 (A/SAU/16/2005)
FJ755086.1 (A/SAU/15/2005)
A EF457982.1 (AJAFG/160/2005)
EF208769 (A/IRN/1/2005)
FJ755025.1 (A/IRN/5/2005)
9 g FJ755128.1 (TUR/859/2007)
FI755155.1 (TUR/33/2008)
FI755116.1 (A/TUR/20/2006)
FJ755057.1 (A/IRN/7/2006)
&7 B FI755030.1 (A/IRN/16/2005)

A BAD/AFG/L2814/2009 (HQ439296)
s3] A BAD/AFG/L2817/2009 (HQ439299)
A BAD/AFG/L2813/2009 (HQ439295)

A BAD/AFG/L2815/2009 (HQ439297)
A BAD/AFG/L2816/2009 (HQ439298)

120 A BAD/AFG/L3025/2009 (HO439306)
1A BADIAFG/L3026/2009 (HQ446511)
(007
100 A KUNJ/AFG/L1577/2009 (HQ439293)
A KUN/AFG/L1495/2009 (H(439287)
™ 194145301 (ANIRN/7/2004)

A EF457980.1 (A/AFG/130/2004)
68 A EF457981.1 (AJAFG/131/2004)
F788820.1 (A/IRN/41/2003)

65 PUN/PAK/L1364/2009 (HQ439253)

101

SEA
99

EF120380 (A/IND/2/68)
II_E AY503763 (A22/IRQ/64)

Im87
- bl (11109
Im96
AINEP/21/84 (FJ755081)
89 A/BHU/27/2003 (FJ755013)
8 A/BHU/7/2003 (F1755012)
100, A/BHU/41/2002 (EU414525)

EURO-SA
AFRICA

Jamal et al., 2011
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Phylogenetic tree generated using the
coding sequences for all four capsid proteins
(P1 region) of FMDV serotype A
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Antigenic change?

e A-Iran 05 lineage has evolved into multiple sub-lineages including
A-Iran05AFG07 " A-TranQ5BAR08 =~ A-Tran0Q5KUNOS gnd A-IranQ5BAD0?

e A22 vaccine may not protect against A-Iran05BAR08 (WRL reports
2009/2010)

e What are the differences between A-Iran058AR08 gnd other A-Iran05
viruses?

e Antigenic change can reflect amino acid changes within VP1, VP2 and
VP3.
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Alignment of VP1 amino acid sequences
(residues 1-170)

A-lran05/¢7

A/PAN/AFG/L3640/2009 TTTAGESADP VTTTVENYGG ETQAQRRHHT DVGFIMDRFV KINPVSPTHV IDLMQTHQHA LVGALLRAAT YYFSDLEIVV RHDGNLTWVP NGAPVEALAN TSNPTAYHKQ PFTRLALPYT APHRVLATVY NGVSRYSTTG GGRRGDLGPL AARVAAQLPS SENFGAIQAT

A-lranQ5BAR 08

A/SIN/PAK/L3213/2009
A/SIN/PAK/L758/2009
A/SIN/PAK/L739/2009
A/SIN/PAK/L695/2009
A/SIN/PAK/L693/2009
A/SIN/PAK/L694/2009
A/KAB/AFG/L1163/2008
A/SRR/AFG/L1434/2009

nnnnn

%)

R E R
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A-Iran05ARP-07

A/TUR/23/2008
A/TUR/1009/2007
A/TUR/53/2008
A/TUR/1/2008
A/TUR/1018/2007
A/TUR/28/2008
A/TUR/130/2008

P
FEEEEEE

A-lran05BAP-%®

A/BAD/AFG/13025/2009 ... P... N. LT..
A/BAD/AFG/L3026/2009 Q P... N. g
A/BAD/AFG/L2813/2009 Q P... N. g
A/BAD/AFG/L2814/2009 Q P... N. T.
A/BAD/AFG/L2815/2009 ..0.. P... N. LT..
A/BAD/AFG/L2816/2009 0. P... N. LT..
A/BAD/AFG/L2817/2009 L.Q.. P... N. .T..

Different sub-lineages of A-Iran05 have unique amino acid substitutions within VP1
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Amino acid substitutions in the 60
surface exposed capsid proteins between
viruses from Pakistan, Afghanistan 102

and Iran and the A22/lraq/64 vaccine 110

strain

9

Capsid Site  A22/Iraq/64
Protein

A-Iran05

Parental

AFG-07

BAR-08
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A-Pak09

VP1 4
33
43
44
45
46

65

108
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138
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160
168

VP2 39
71
86
110
149
159
173
190
191
192
193
195
207
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Mapping selected capsid protein differences between A-Iran(Q5BAR08
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Candidate residues conferring antigenic
change

Residues changes at positions 45 and 65 in VP1 and 59 in VP3 are

unique to A-IranQ5BAR08

» Surface exposed
*Non-conservative changes (L45A, L65F & E59N)

«Candidates for antigenic change

*To prove..... use reverse genetics
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Chimeric viruses as a tool =
Xb Kp Su Sa pr Al‘p Xb
| | | |
) Hpal
17 o 3'UTR
01k @——2 1] P1-2A | P2 | P3 —AAAnL
B64 /
\ Serotype Pathogenicity
Nhel Apal
O1KNhe [VP vP2 [ vp3 [ VP1 ] O -
01K/0-UKG | O +

o1/ATUR [ A +

O1K B64 is completely attenuated in cattle
01K/0O-UKG and O1K/A-TUR (A-lran05 lineage) are pathogenic for cattle

Botner et al., 2011



Chimeric virus growth curves
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Rescue of mutant A-Iran05 viruses =
T7 & , Hpal
TR 3'UTR
01K @—— C P1-2A P2 P3 - AAAN—
////J L\\\\\\
Nhel Apa
VP4 VP2 VP3 VP1 Rescued mutant virus
oraTuriesa [ I +
|
L45A
orarureson [ I +
|
ES9N

oraTuR/ [ +

ESON/L45A | |
ES59N L45A

Antigenicity ??7?77?
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Summary & Conclusions

Sequence analysis of FMDV P1 coding sequence can allow
identification of candidate residues which can confer antigenic
change

Candidates residues identified as:
-non-conservative amino acid substitutions

-surface exposed residues

Proof requires construction of mutant viruses and analysis of
their antigenic properties

15 DTU Vet, Technical University of Denmark

i



i

Acknowledgements

e Syed M. Jamal (National Veterinary Laboratory, Islamabad, Pakistan)
e Stephen Curry (Imperial College, London, UK)

e Terry Jackson (IAH, Pirbright, UK)

e National Veterinary Institute, Lindholm, Denmark

e Preben Normann

e Tina Frederiksen

e Inge Nielsen

e Anette Bgtner

16 DTU Vet, Technical University of Denmark



